Abstract. This method combines wavelet techniques and power spectral density to monitor the depth of anesthesia (DOA) based on simplified EEG signals. After decomposing electroencephalogram (EEG) signals, the power spectral density is chosen as a feature function for coefficients of discrete wavelet transform. By computing the mean and standard deviation of the power spectral density values, we can classify the EEG signals to three classes, corresponding with the BIS values of 0 to 40, 40 to 60, and 60 to 100. Finally, three linear functions (
Introduction
In recent years, several DOA monitoring equipments have been developed such as the Bispectral Index (BIS), the Narcotrend index, Cerebral State Index. These monitors provide anesthesia professionals with an additional method to assess anesthetic effect and patient response during surgery. In the operating room, the clinicians can use this information to help guide anesthetic dosing. Currently, BIS is the most common one in hospitals. The BIS integrates several descriptors of the EEG signals into a single variable [1] [2] [3] . BIS guided anesthesia titration benefits include: reduction in primary anesthetic use, reduction in emergence and recovery time, improved patient satisfaction, and decreased incidence of intraoperative awareness and recall [4] . Interestingly, the BIS index has recently received some criticism, such as being redundant [5] , not responsive to some anesthetic agents [6] [7] [8] . The BIS may be useful for following trends in anesthetic depth in individual cases but it is less helpful when making comparison between patients or as a single value [9] . Time delay of index calculation for the Cerebral State Index, the Bispectral Index, and the Narcotrend Index was studied by S. Pilge et al. in [10] .
There have also been other methods developed recently. In [10] , the authors presented a model that generalizes the autoregressive class of poly-spectral models by having a semi-parametric description of the residual probability density. Another approach based on the analysis of a single-channel EEG signal using stationary wavelet transform is applied to study the cortical activity during general anesthesia [11] . The wavelet coefficients calculated from the EEG are pooled into a statistical representation. Recently, entropy and complexity of the EEG have been proposed as measures of depth of anesthesia and sedation [12] . This paper focuses on presenting the depth of anesthesia (DOA) index based on discrete wavelet transform (DWT) and power spectral density (PSD) function. EEG recordings are decomposed into different frequency bands' oscillations by using a DWT. Then, frequency bands' oscillation is used to further analysis the dynamic properties of brain electrical activity. PSD function is chosen as a feature function for coefficients of discrete wavelet transform. Finally, the mean and standard deviation of those features are computed for classification of three classes of anesthesia, with the BIS values of 0 to 40, 40 to 60, and 60 to 100. And three linear functions ( ) (
This paper is organized as follows. In Section 2, we introduce the wavelet method and the feature function of wavelet coefficients and classify anesthesia states. Section 3 presents three linear functions that are applied to compute DOA values. Finally, conclusions are drawn in Section 4.
Wavelet Analysis and Feature Extraction

Wavelet Transform
The source of the signals used in this paper is from and discussed in [13, 14] . The raw EEG signals (Fig. 1) were recorded by BIS XP monitor (Aspect Medical System Inc.) through contact electrodes placed on a patient's forehead. The length of the data is 10 seconds with 128 Hz sampling rate (see [13, 14] for more details).
The wavelet transform (WT) of signal x(t) is defined as
Here C (a,b) are the WT coefficients of signal x(t), a is a scale parameter, b is a translation parameter, (.) ψ is the wavelet function,
, j is the decomposition level. In DWT method, the input EEG signal is filtered separately by a low-pass filter (g) and a high-pass filter (h). Mallat's fast algorithm for DWT is computed as follows 
